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Semimetallic tungsten ditelluride displays an extremely large non-saturating 2 magnetoresistance, which is thought to arise from the perfect n-p charge compensation with low 3 carrier densities in WTe 2 . We find a strong Rashba spin-orbit effect in density functional 4 calculations due to the non-centrosymmetric structure. This lifts two-fold spin degeneracy of supported by our ARPES results and Shubnikov-de Haas (SdH) oscillations measurements. 13 
14
WTe 2 , a layered transition-metal dichalcogenide (TMD), whose sheets consist of a tungsten 15 layer sandwiched by adjacent chalcogenide layers, has been the subject of intense interest for its 16 extraordinary magnetoresistance (XMR) [1] [2] [3] [4] [5] [6] . The non-saturation of the resistance with 17 magnetic field differs significantly with normal MR phenomenon, where the magnetoresistance 18 3 is quadratic only in low fields, and tends to saturate at high fields [1] . This phenomenon has been 1 ascribed to the perfect n-p charge compensation in WTe 2 , based on the investigations by angle-2 resolved photoelectron spectroscopy (ARPES) [7] and theoretical calculations [3] . important, similar to the case of topological insulators [10] [11] [12] , the circular dichroism that is a 14 signature for strong spin-orbital coupling (SOC) and a spin texture, was observed at the Fermi 15 surface in photoemission spectra [8, 9] . Such spin texture provides mechanisms to protect the 16 backscattering at zero fields thus may be responsible for the XMR.
17
Here we find, in accord with other recent results, a spin splitting of the bands, symmetrical is not magnetic, and therefore the splitting must be due to spin-orbit, i.e. the Rashba-Dresselhaus
4
Hamiltonian. We find this splitting in our first principles calculations including spin-orbit,
5
confirming its spin-orbit origin. The splitting as seen is along Γ-X, reflecting the crystal 6 symmetry, which is orthorhombic and not cubic. Therefore, this is Rashba type splitting. Supplementary Tab. S1 and the relaxed structure is given in Fig. 1 [14] .
4
The band structure shown in Fig. 1 similar on a large scale to that reported previously [1] , but differs in details presumably due to 8 the structure used. With SOC, the non-centrosymmetric structure leads to the structure inversion- 
1(d))
. Importantly, the low energy structure is not reasonably characterized as one or even two The five pockets of the Fermi surface ( Fig. 1(d) ) lie along the Г-X direction, which is Although the existence of spin texture in WTe 2 has been detected by ARPES measurements [9] , a 6 direct observation of spin-texture and its dependence with external magnetic field are still 7 missing. For this purpose, extensive STM/S measurements were performed. terminated surfaces are exposed. On the surface of WTe 2 , the tellurium octahedra distort slightly 12 and the metal atoms are displaced from their ideal octahedral sites, forming zigzag metal-metal 13 chains along a axis (Fig. 2(b) ). The Te atom layers are buckled with the Te(i) atoms displaced a 14 little into the sandwich layer and Te(o) atoms moved slightly out. We therefore assign the 15 brighter feature in Fig. 2(a) to Te(o) atoms while the darker ones to Te(i) atoms. spectra were acquired on clean WTe 2 surface at different locations (cyan curves in Fig. 2(d) ) and 4 an averaged dI/dV spectrum is superposed (shown as black curve in Fig. 2(d) ), which are in Fig. 2(d) ). We then are able to identify an E CBM
9
(conduction-band minimum) at ∼-40 mV and an E VBM (valence-band maximum) at +40∼+60 10 mV. The overlap between the valence band and conduction bands is 80 meV to 100 meV, leading 11 to the semimetallic nature of the sample. The spectroscopic results agree reasonably well with 12 our band structure calculations and ARPES measurements [7] . Dramatic changes take place when the sample is cooled down to 4.2 K, at which STM images 1 of the surface exhibit a unique "lattice" pattern ( Fig. 3(a) ). The size of unit cell for this phase is Fig. 3(b) ). Note that no 5 structural transition has been reported for WTe 2 in this temperature range and actually a 6 structural change for the top Te layer is extremely energetically unfavorable. We calculate the give a rectangular tungsten lattice, but its energetic cost is extremely high as 0.28 eV per atom.
10
Therefore, the rectangular lattice at 4.2 K should represent electronic variations on the surface.
11
The observed "lattice" pattern cannot be assigned to the charge ordering since no gap opening 12 is obtained (Fig. 2(d) ) [25] [26] [27] [28] . Alternatively, the phase transition can be a result of the quasi- (k ,←) and (-k ,→) is NOT allowed (Fig. 3(b), right panel) . As a consequence, the presence of mapping at -0.1 V is given in Fig. 3(c) , together with the corresponding fast Fourier transform 8 (FFT) image (Fig. 3(d) ). As we know, dI/dV map is a spatial visualization for the distribution of By comparing with the integrated DOS from our ARPES measurement (Fig. 3(f) ), a Due to the surface enhanced Rashba SOC, the origin of the degenerate band is shifted by k R , energy. This Rashba type spin orbit splitting is k-dependent, but is about 50 meV at some k, and 10 lower at others. When the measuring temperature T m is raised i.e. at 77 K, the peculiar shows 50 differential tunneling conductance spectra acquired within five UCs (marked by a blue 6 line in Fig. 3(a) ). All curves exhibit similar line shapes without evidence for an energy gap. From 7 the spatial mapping this series of spectra (Fig. 4(b) ), DOS oscillation of both filled states and It has been proposed that particle-hole asymmetry arises from an imbalance between the 13 tunneling rate for electron injection and extraction [35, 36] , and this mechanism has been widely Fig. 4(c) . The electron/hole ratio is varying within a unit cell along b axis, 18 16 which is perpendicular to tungsten chain. The overall electron/hole ratio within a unit cell equals 1 to one, with R lower than one (electron-like) in half of the unit cell and vice versa in another half, 2 suggesting the perfect n-p charge compensation in WTe 2 [1, 3] . As far as we know, such a 3 microscopic picture of separated electron/hole channels for a double-carrier system has not been 4 observed previously for semimetallic materials. Finally, we checked the electronic properties of WTe 2 surface under applied perpendicular 4 magnetic field. As shown in Fig. S4(a) , no distinct change in the spectrum is observed upon In summary, STM/S, ARPES and transport measurements, corroborated by DFT calculations, 8 reveal that strong Rashba type spin-orbit effects due to the non-centrosymmetric structure 9 substantially split the electron and hole bands crossing the Fermi level and lift the spin 10 degeneracy of these bands. The band structure is not reasonably described as one dimensional 11 and is instead three dimensional in nature. Low temperature STM/S measurements show an 12 umklapp-type interference pattern on WTe 2 surface at 4.2 K, proven to be a spectroscopic feature 13 instead of a pure geometric one, which is dominated by spin-conserving processes. Spectroscopic was discussed by Jiang and co-workers based on ARPES [9] . Thus the magnetic field along c 2 breaks this texture. We infer that it is this that enables scattering between parts of the Fermi with the non-centrosymmetric crystal structure. 
